We have cloned and characterized the expression of a nanos homologue (designated Ttu-nos) from the oligochaete annelid Tubifex tubifex. Ttu-nos mRNA is distributed broadly throughout the early cleavage stages. Ttu-nos is expressed in most if not all of the early blastomeres, in which Ttu-nos RNA associates with pole plasms. Ttu-nos transcripts are concentrated to 2d and 4d cells. Shortly after 2d 111 (derived from 2d cell) divides into a bilateral pair of NOPQ proteloblasts, Ttu-nos RNA vanishes from the embryo, which is soon followed by the resumption of Ttu-nos expression in nascent primary blast cells produced by teloblasts. The resumption of Ttu-nos expression occurs only in a subset of teloblast lineages (viz., M, N and Q). After Ttu-nos expression is retained in the germ band for a while, it disappears in anterior-to-posterior progression. At the end of embryogenesis, there is no trace of Ttu-nos expression.
2d
112 ) often appeared to exhibit stronger signals of Ttu-nos staining than other micromeres (Figs. 3I and J) . At stage 11 when 2d 111 divides into a bilateral pair of proteloblasts NOPQ (Fig. 2F) , however, no signals of Ttu-nos expression were detected in blastomeres located on the surface of the embryo (except for internally located primary m blast cells; Fig. 3K ). This apparently suggests that maternal transcripts of Ttu-nos decay abruptly around this stage.
In eggs (including ovisac eggs) and embryos processed for WISH with a sense probe, no staining was detected from ovisac eggs (Fig. 3B ) to stage 18 embryos (data not shown).
Zygotic expression of Ttu-nos occurs in the ectodermal and mesodermal germ bands but not in other cells
After disappearance of maternal Ttu-nos transcripts from surface cells derived from micromeres, Ttu-nos expression resumed first in primary m blast cells (see Mesodermal GBs. By stage 12b, M teloblasts undergo cell division seven times to form initial mesodermal GBs (Goto et al., 1999) . As Fig. 4C shows, such GBs were found to be Ttu-nos-positive. As development proceeds, mesodermal GBs on both sides of the embryo elongate by addition of primary m blast cells from M teloblasts.
The GB elongation continues during stages 13-16 (Goto et al., 1999) . and F). As described below, stained cells belonging to the ectodermal GB domain seen in embryos at stages 14-16 are all located at the surface of the embryo, suggesting that it is unlikely that they are mesodermal. similarly, and found that these embryos all exhibited similar blast cell distribution patterns in the n bandlets. This observation may suggest that Ttu-nos expression is down-regulated at a distance of a few cells from the N teloblast. Since the first division of a primary n blast cell occurs at a distance of seven cells from the N teloblast (Arai, 2000) , it is likely that this putative down-regulation of Ttu-nos expression occurs significantly earlier than the first division in a primary n blast cell.
Ttu-nos-expression
In relation to the above-mentioned observation, it is of interest to note that hunchback (hb) protein is detected in O and P teloblasts but not in N and Q teloblasts in Tubifex embryos (Shimizu and Savage, 2002) . Given that acting with Pumilio, Nos protein suppresses translation of hb mRNA (Barker et al., 1992; Murata and Wharton, 1995) , the absence of hb protein in N and Q lineage could be explained by the resctricted expression of Ttu-nos in these two lineages, though Ttu-nos mRNA and hb protein are present in blast cells and teloblasts, respectively.
During stages 14 and 15, ectodermal GBs elongate and undergo segmentation; morphogenetic events leading to segmentation of the GB occur in anterior-to-posterior progression (Nakamoto et al., 2000) . are organized in a chain of clusters in the anteriormost portion of the GB (Fig. 4I ).
This cell cluster formation is one of the earliest events accompanying segmentation.
As development proceeds, similar cell clusters form along the ventral margin of the GB in anterior-to-posterior progression; by the beginning of stage 15, cell cluster formation completed in the posteriormost portion of the GB ( 
Ttu-nos expression in germline cells
It has been reported that nos-related genes are expressed in primordial germ cells (PGCs) during embryonic development in a variety of animals (Kang et al., 2002; Extavour et al., 2005; Rebscher et al., 2007; Dill and Seaver, 2008; Özpolat and Bely, 2015) . In Tubifex, presumptive PGCs (pre-PGCs), which arise from segmental mesoderm, are recognized as vasa-expressing large cells located on the ventral side of the embryo. They are distributed in a variable set of midbody segments including genital segments X and XI (Oyama and Shimizu, 2007; Kato et al., 2013) . During the course of the aforementioned observations on embryos (at stages 15-18) subjected to
Ttu-nos staining, we failed to detect any stained mesodermal cells in at least segments X and XI. In this regard, it is interesting to note that in Capitella and Helobdella, nos expression persists in PGCs when nos expression in the surrounding somatic tissues diminishes (Kang et al., 2002; Dill and Seaver, 2008) . Conceivably, in these animals, decline of nanos expression in somatic tissues might lead to "visualization" (or On the other hand, as described above, every primary m blast cell (derived from M teloblast) is evidently Ttu-nos-positive (see Fig. 4C ). Given that primary m blast cells are rather distantly located precursor of pre-PGCs (Oyama and Shimizu, 2007) , it is safe to say that pre-PGCs could be regarded as cells that have already undergone zygotic Ttu-nos expression.
As described above, oocytes in the ovisac ( nuclear size, it is safe to say that Ttu-nos is expressed in oocytes but not in oogonia.
Comparison with other lophotrochozoans
The embryonic expression pattern of Ttu-nos, revealed in this study, is summarized as follows. Ttu-nos mRNA is distributed broadly during early cleavage Unlike Ttu-nos expression in the GBs, nos expression in Helobdella is reportedly uniform along the length of the GB (Kang et al., 2002) . In Capitella, the mesodermal bands (derived from the mesodermal precursors) undergo nos expression and subsequent decline (Dill and Seaver, 2008) .
Experimental procedures

Embryos, juveniles and adults
Embryos of the freshwater oligochaete T. tubifex were obtained as described previously (Shimizu, 1982) and cultured at 22°C. For experiments, embryos were freed from cocoons in the culture medium (Shimizu, 1982) . Newly hatched juveniles were reared to adulthood under laboratory conditions (at 22°C) as described previously (Shiomi, 2014) . Briefly, they were put in a plastic petri dish containing a sand (tiny particles) layer and tap water, and fed with a small amount of yeast suspension once a week. Unless otherwise stated, all experiments were carried out at room temperature (20-22°C).
RNA Isolation and cDNA synthesis
Total RNA was isolated from Tubifex embryos by using ISOGEN (Nippon Gene)
according to the manufacturer's recommendations. Poly (A) + RNA was isolated from total RNA using Oligotex-MAG (TaKaRa) according to the manufacturer's instructions.
Isolated total RNA and poly (A) + RNA were dissolved in RNase-free sterilized H 2 O and stored at -80°C until use. First-strand cDNA was synthesized with a NotI-dT18 primer using Time Saver cDNA Synthesis Kit (Amersham Pharmacia Biotech) according to the manufacturer's protocols.
Degenerate PCR and 3' Rapid amplification of cDNA ends (RACE)
To clone To isolate the 3' portion of nos transcripts, 3' RACE was performed using gene specific primers (GSPs) and an adapter primer. Nucleotide sequences of these primers were 5'-TGTGTGTTTTGTCGGAATAACGGCG-3' (GSP1), 5'-ATAACGGCGAAGCTGAAGCCGTCTA-3' (GSP2), and 5'-AACTGGAAGAATTCGCGGCC-3' (adaptor primer). Amplification was carried out with Elongase Enzyme Mix (Invitrogen) and cDNA synthesized with NotI-dT18
primer. Detailed protocols and amplification parameters for the 3' RACE are available upon request.
Whole-mount in situ hybridization (WISH)
DIG-labeled RNA probes were prepared according to the protocols described by Matsuo et al. (2005) . An antisense and sense riboprobes were synthesized with T7 and T3 RNA polymerases, respectively.
Embryos, juveniles and young adults which were to be processed for WISH were fixed with 4% formaldehyde according to the methods described by Matsuo et al. (2005) . After a brief rinse in PBST (PBS plus 0.1% Tween-20), embryos were freed from vitelline membrane with fine forceps. Fixed juveniles and adults were transferred to PBST, and cut into short fragments comprising five to six segments with a razor blade; fragments containing genital segments (X and XI) were collected, and fine forceps were used to remove layers of epithelium and muscle from the dorsal half of each fragment. Ovisacs containing growing oocytes were also dissected out from segments XIII-XV (together with the intestine attached to the ventral side of the ovisac).
This treatment was carried out to facilitate penetration of proteinase K and riboprobes into the mesodermal tissues on the ventral side of the embryo. Embryos and fragments (of juveniles and adults) thus obtained were dehydrated with a graded series of methanol, and stored at -20°C in methanol until use.
For WISH, embryos, juveniles and adults that had been stored in methanol were rehydrated and processed according to the protocols described by Matsuo et al. (2005) , except that juveniles and adults were treated with proteinase K (2 µg/ml) for 20 min and that hybridization (24 h) and subsequent wash were both performed at 60°C.
Hybridization signals were detected by chromogenic reaction using BCIP and NBT.
Whole-mount processed (stained) embryos were fixed with 3.5% formaldehyde in phosphate buffer (pH 7.4) for 12 h, mounted in PBST, and observed under incident light using an Olympus BX50 microscope. Some stained embryos were treated with 1 µg/ml Hoechst 33258 for 20 min, and observed on a Leica MZFLIII fluorescence stereomicroscope. Some stained embryos were cleared according to the method described by Matsuo and Shimizu (2006) and observed with transmitted light.
Cell lineage tracing in WISH preparations
To label mesodermal cells specifically in WISH preparations, we injected a 
